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E a r l i e r  i t  was shown [1] that the complexes  fo rmed  in the in t e rac t ion  of one of the r e p r e s e n t a t i v e s  of the 
s e r i e s  of a l k y l - N - n i t r o a m i n e s  (NA) - me thy ln i t roamine  - with a l iphat ic  secondary  and t e r t i a r y  amines  may 
have both m o l e c u l a r  and ionic s t r u c t u r e s .  In r e l a t i v e l y  nonpolar  so lvents ,  complexes  with an ionic s t r u c t u r e  
ex i s t  in the fo rm of ion p a i r s ,  fo rmed  when a pro ton  is t r a n s f e r r e d  f rom a NA molecule  to a base .  F o r  a quan- 
t i ta t ive  study of this p r o c e s s ,  in format ion  is needed on the ab i l i ty  of N - n i t r oa m i ne s  to pa r t i c ipa t e  as  proton 
donors  in the fo rmat ion  of a hydrogen bond, the impor t an t  ro l e  of which in p r o c e s s e s  of p ro te in  t r a n s f e r  has 
been noted in a number  of inves t iga t ions  (see,  for  example ,  [21). This in format ion  is e spec ia l ly  impor t an t  in 
the ca se  of NA, s ince  for  them proton t r a n s f e r  occurs  at  an a p p r e c i a b l y  lower  s t rength  of the H-bond in com-  
pa r i son  with OH ac ids .  There fo re ,  a t  the f i r s t  s tages  of a study of the p r o c e s s  of proton t r a n s f e r  in the s e r i e s  
of a l iphat ic  N-n i t r oamines  under  condit ions of weak solvat ion,  i t  was adv i sab le  to inves t iga te  the p r o c e s s  of 
fo rmat ion  of a hydrogen bond with proton a c e e p t o r s  that  fo rm H-complexes  only of a m o l e c u l a r  s t r u c t u r e  with 
N - n i t r o a m i n e s :  

K 
I~NH ~ B~--l~NH . . .  B. 

l l (1) 
NO2 N Q  

In this work the the rmodynamic  p a r a m e t e r s  of H-complexes  of a s e r i e s  of subs t i tu ted  a l k y l - N - n i t r o -  
amines  with a s e r i e s  of proton aecep to r s :  benzaldehyde (BA), a e e t o n i t r i l e - D  3 (AN-D3), eyclohexanone (CH), 
p -d ime thy laminobenza ldehyde  (DMAB), d i m e t h y l f o r m a m i d e  (DMFA),  d ime thy laee t amide  (DMAA), d ime thy l -  
D~ sulfoxide (DMSO-DG) , and hexamethy lphosphoramide  (HMPA) were  m e a s u r e d  in a solution with CC14, and 
they were  compared  with the p a r a m e t e r s  of H-complexes  of o ther  NH and OH acids .  The m e a s u r e m e n t s  were  
p e r f o r m e d  on a PE-457 two-beam spee t ropho tome te r ,  equipped with a supp lemen ta ry  e lec t ron ic  a t t achment  
[3] for  r eco rd ing  s p e c t r a l  in format ion  in d igi ta l  code on p e r f o r a t e d  tape,  which speeds  up the t r e a t m e n t  of the 
data obtained on a computer .  Quartz  c a l i b r a t e d  cuvet tes  with CaF 2 windows were  used for  the m e a s u r e m e n t ;  
the cuvet te  th ickness  was va r i ed  f rom 0.01 to 5.0 cm. In the r eco rd ing  of the spec t r a ,  solut ions of a c c e p t o r s  in 
CC14 of the s ame  concent ra t ions  as in the inves t iga ted  solut ion were  p laced  in the r e f e r e n c e  channel.  Both 
cuvet tes  were  in a h e r m e t i c  t h e r m o s t a t i c a l l y  con t ro l l ed  cell ;  dur ing the expe r imen t  constancy of the t e m p e r a -  
tu re  was mainta ined  with an a c c u r a c y  of • 0.2~ moni tor ing  with a d igi ta l  v o l t m e t e r  and a the rmocouple  
p laced  on the wall of the cuvette.  The inves t iga ted  subs tances  were  d r i ed  thoroughly; the p r e p a r a t i o n  of the 
solut ions and f i l l ing of the cuvet tes  were  p e r f o r m e d  in a d ry  box, d r i ed  with phosphorus  pentoxide and purged  
with d ry  ni t rogen.  Red i s t i l l ed  cp g rade  CC14 and d r i e d  zeo l i te  4A were  used for  the work. The absence  of 
wate r  in the solvent  was moni to red  accord ing  to the IR absorp t ion  s p e c t r a  in the reg ion  of 3500-3800 cm -i  a t  a 
euvette th ickness  of 5 cm. Dimethyl -D 6 sulfoxide was r e d i s t i l l e d  twice under  vacuum; aee ton i t r i l e -D3 a f te r  p r o -  
longed boil ing over  P205, was r e d i s t i l l e d  over  a f r e sh  por t ion  of phosphorus  pentoxide and then ove r  potash.  
p -Dimethy laminobenza ldehyde  was r e e r y s t a l l i z e d  twice f rom ch lo ro fo rm and d r i ed  in a i r .  The r ema in ing  bases  
were  pur i f ied  by the well-known methods [41. Al l  the l iquid bases  were  s t o r ed  over  zeol i te .  Solid a l k y l - N -  
n i t r o a m i d e s  were  r e c r y s t a l l i z e d  twice f rom su i tab le  solvents  and d r i ed  under  vacuum; the l iquid compounds 
were  r e d i s t i l l e d  under  vacuum over  P205. The deg ree  of pur i f i ca t ion  of the subs tances  was moni to red  c h r o m a t -  
ograph ica l ly .  
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F ig .  1. A b s o r p t i o n  s p e c t r a  of so lu t i ons  of m e t h y l n i t r o -  
a m i n e  and p r o t o n  a e c e p t o r s  in CC14. Without  a e c e p t o r  
( a ) ,  with A N - D  3 (b) ,  with D1VIAB (c ) ,  with DMSO-D 6 (d) ,  
and with HMPA (e ) .  

T A B L E  1. S p e c t r a l  P a r a m e t e r s  of the  Band  vNH of 
M o n o m e r s  of P r i m a r y  A l i p h a t i e  N - N t t r o a m i n e s  
RNHNO, 

Compo, und 
No. 

I 
II 
l l I  
IV 
v 
v I  
v i i  
v i i i  
IX 

(CH~)~C 
CC~4HI~ C sHll 

9 
C~H~ 
CHs 
N--7-CCH~CH2 
(NO2)sCCH2CH2 
C~HsOCO 
p-CH30--C6H4--SO2 

A, liters/ 
mole: cm2 

6900 
6400 
9000 
9300 
9700 

11100 
12200 
15200 
19400 

Vmax,Cm'! 

3393 
3397 
3407 
3405 
3416 
3406 
3403 
3407 
3384 

AV 1 /2,  e r a - 1  

25 
32 
34 
32' 
21 
29 
25 
32 
50 

The  NA c o n c e n t r a t i o n  was  s e l e c t e d  c o n s i d e r i n g  s o l u b i l i t y  in CC14 and was  v a r i e d  in the  r a n g e  0 .2 .  10 -3 -  
0.25 M; the  c o n c e n t r a t i o n  of  the  p r o t o n  a c c e p t o r s  was v a r i e d  f r o m  0.5" 10 -2 to 1.0 M. D i s c r e t e  r e c o r d i n g  of the  
s p e c t r u m  was p e r f o r m e d  a t  v a r i o u s  i n t e r v a l s  of wave  n u m b e r s ,  the va lue  of  which  v a r i e d  depend ing  on the 
widths  of  the  i n v e s t i g a t e d  bands ,  in a c c o r d a n c e  with the r e c o m m e n d a t i o n s  of [5] .  The  s p e c t r a l  s l i t  widths  d id  
not  e x c e e d  1 e m  -~, which  e n s u r e d  r e c o r d i n g  of  the bands  wi thout  a p p a r a t u s  d i s t o r t i o n s .  The  i n t e g r a l  i n t e n s i t y  
of  the  bands  of vNH was c a l c u l a t e d  a c c o r d i n g  to the  S i m p s o n  f o r m u l a  on a s m a l l  M i r - 2  c o m p u t e r ;  the  r e g i o n  
of i n t e g r a t i o n  fo r  s i n g l e  bands  was a p p r o x i m a t e l y  10 t i m e s  the width of the  band.  

In the  a b s e n c e  of  p r o t o n  a c e e p t o r s ,  with su f f i c i en t  d i lu t ion  of the so lu t i on  in the  r e g i o n  of 3000-3500 c m  -1, 
only  one  n a r r o w  band  of  the s t r e t c h i n g  v i b r a t i o n  of the NH group ,  c o r r e s p o n d i n g  to f r e e  n i t r o a m i n e  m o l e c u l e s ,  
i s  v i s i b l e  in  the IR s p e c t r u m  of the  n i t r o a m i n e s *  (F ig .  l a ) .  The  v a l u e  of  the a b s o r p t i o n  c o e f f i c i e n t  a t  the  m a x i -  
m u m  d e c r e a s e s  with i n c r e a s i n g  t e m p e r a t u r e ,  w h e r e a s  the  i n t e g r a l  a b s o r p t i o n  c o e f f i c i e n t  and the  p o s i t i o n  of 
the  m a x i m u m  do not  depend  on the  t e m p e r a t u r e  wi th in  the r a n g e  of  e x p e r i m e n t a l  a c c u r a c y .  T h e s e  v a l u e s ,  as  
we l l  a s  the  widths  of  the  bands  Apl/2 of the i n v e s t i g a t e d  n i t r o a m i n e s ,  a r e  c i t ed  in T a b l e  1. 

With i n c r e a s i n g  NA c o n c e n t r a t i o n ,  a p p r e c i a b l e  a b s o r p t i o n  a p p e a r s  in the  r e g i o n  of 3100-3300 e m  -1, r e -  
l a t e d  to the  a u t o a s s o c i a t e d  f o r m  of NA; t h e r e f o r e  the c o n c e n t r a t i o n s  of the r e a g e n t s  w e r e  s e l e c t e d  such  tha t  
the  d e g r e e  of a u t o a s s o c i a t i o n  d id  not  e x c e e d  1~0. When a p r o t o n  a e e e p t o r  i s  added  to the  so lu t ion ,  c ha n ges  in 
the s p e c t r a l  p i c t u r e  t y p i c a l  of  H - c o m p l e x e s  o c c u r  in  the  r e g i o n  of  2000-3600 c m - l :  a s u b s t a n t i a l  i n c r e a s e  in  
the  i n t e g r a l  i n t e n s i t y  and width  of the  band  of the s t r e t c h i n g  v i b r a t i o n  vNH and a sh i f t  of i t  in  the  l o w - f r e -  
quency  d i r e c t i o n  (F ig .  1). The  a b s e n c e  of  bands  c h a r a c t e r i s t i c  of NA an ions  in  the  r e g i o n  of 1000-2000 c m  -1 
i s  e v i d e n c e  that  with a l l  the  i n v e s t i g a t e d  b a s e s  the  c o m p l e x e s  have  only a m o l e c u l a r  s t r u c t u r e .  When the con-  
c e n t r a t i o n s  of the a c i d  and b a s e  a r e  v a r i e d  wi th in  wide l i m i t s  (by t h r e e  o r d e r s  of m a g n i t u d e ) ,  the  f o r m  of the  

* T h e r e  is  s t i l l  a n o t h e r  weak  band  in the  r e g i o n  of  3160 c m  -1, be long ing  to the o v e r t o n e  of the  a n t : s y m m e t r i c a l  
v i b r a t i o n  of the  NO 2 g roup .  
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T A B L E  2. C o n s t a n t s  of F o r m a t i o n  of H - C o m p l e x e s  of P r i m a r y  
A l i p h a t i e  N - N i t r o a m i n e s  with B a s e s  in  CC14 a t  20~ (in l i t e r s /  
m o l e  

Com- I pound BA AN-D DMFA DMAA DMSO- [IMPA ~* 
No. D6 

I 
II 
I[I 
IV 
V 
VI 
VII 
VIII 
IX 

3,9 
3,8 

15 
18 

5,3 
5,3 

274 ,3 
27 
5,7 

CH DivIAt3 

t 13 
13 16 
15 20 
64 74 
82 140 
17 32 

;? 
67 
6O 
87 

480 
980 
150 

120 
I20 
120 

I000 
1300 
200 

150 
180 
280 
280 
350 

2300 
3500 
500 

1900 

s 
85O 
870 

1600 
11000 
25000 
3500 

--0,30 
--0,25 
--0,13 
--0,II 

0 
0,50 
0.61 
2,00 

N 4  

con tou r  of the band  uNH of the  c o m p l e x  r e m a i n s  unchanged ,  which i n d i c a t e s  tha t  u n d e r  the  i n v e s t i g a t e d  c o n d i -  
t ions  only  one type  of  c o m p l e x e s  with s t o i e h i o m e t r i c  c o m p o s i t i o n  1 : 1 e x i s t s  in the  s y s t e m .  

The c o n s t a n t s  of  f o r m a t i o n  of the b i m o l e e u l a r  c o m p l e x  K w e r e  c a l c u l a t e d  by a m e t h o d  c onve n i e n t  for  
d i r e c t  t r e a t m e n t  of  s p e c t r a l  i n f o r m a t i o n  on a c o m p u t e r .  The  i n t e g r a l  op t i c a l  d e n s i t y  D, m e a s u r e d  in any a r b i -  
t r a r i l y  s e l e c t e d  s p e c t r a l  i n t e r v a l  A ,  u n d e r  the e x p e r i m e n t a l  cond i t ions  e n u m e r a t e d  above ,  can  be w r i t t e n  in 
the  f o r m  

D : d (AA CA q- A~: Cz: @ AB (CB - -  C~ )), (2) 

w h e r e  d is  the  e u v e t t e  t h i c k n e s s ;  AA, AB,  and A K a r e  the  i n t e g r a l  a b s o r p t i o n  c o e f f i c i e n t s  of  p r o t o n  d o n o r s  
and a c c e p t o r s  and  H - c o m p l e x e s ,  r e s p e c t i v e l y ,  wi th in  the s e l e c t e d  s p e c t r a l  i n t e r v a l ;  CK i s  the  c o n c e n t r a t i o n  
of H - c o m p l e x e s ;  CA and C B a r e  the c o n c e n t r a t i o n s  of f r e e  m o l e c u l e s  of  the  c o r r e s p o n d i n g  r e a g e n t s  (C o is  the 
i n i t i a l  r e a g e n t  c o n c e n t r a t i o n ) .  

C o n s i d e r i n g  the cond i t i on  

we obtain 

c~ = c z + C K ,  (3) 

D = d(AACA -~ (AK --As)Cz~ ) = d(AACA -F A~CK ), (4) 
! 

where A K is a constant for a given complex. 

To determine the equilibrium constant K it is sufficient to perform two measurements of D at various 

reagent concentrations. In this case we obtain a system sufficient for finding the value of K and the unknown 

quantity Ak: 
Di = di (AA Cm -F A~ Ci~; ) (5a) 

C~ = C,A § C~z< i = 1, 2. (hb) 

C~s = C~B + C~ (5c)  

C~ = KCiA C~ (5d) 

The value of the interval A~ in expression (5a) is determined by the experimental conditions and is limited by 

the transparency of the solvent-dissolved substances system. It is desirable to select this interval large 

enough to reduce the influence of such a spectrophotometer error as the nonreproducibility in the wave number 

scale. Moreover, linear independence of Eqs. (ha) and (hb) requires observance of the inequality AA # A~, 

which is equivalent to the condition 

ID--d~AAC~ i =  ], 2, (6) 

which can a l w a y s  be fu l f i l l ed  by  s u i t a b l e  s e l e c t i o n  of the  i n t e r v a l  of i n t e g r a t i o n .  In th is  e a s e  the i n t e r v a l  &~ 
was s e l e c t e d  j u s t  a s  in the  d e t e r m i n a t i o n  of  the i n t e g r a l  a b s o r p t i o n  c o e f f i c i e n t s ,  which p e r m i t t e d  the  u s e  of  the 
q u a n t i t y  c i t e d  in T a b l e  1 a s  AA.  The  s y s t e m  of  equa t ions  (5) was s o l v e d  by  an i t e r a t i o n  m e t h o d  with i n i t i a l  a p -  
p r o x i m a t i o n  CjA = 0. 

In c o n t r a s t  to the  known m e t h o d s  of c a l c u l a t i n g  K, which a r e  a p p l i c a b l e  on ly  a t  de f in i t e  r a t i o s  of  the con -  
e e n t r a t i o n s  of p a r t i c l e s  p a r t i c i p a t i n g  in the  e q u i l i b r i u m  ( see ,  fo r  e x a m p l e ,  [6]) ,  the p r o p o s e d  me thod  of  c a l c u -  
l a t i o n  can be  u s e d  p r a c t i c a l l y  any r e a g e n t  c o n c e n t r a t i o n s  and does  not  r e q u i r e  s e p a r a t i o n  of the o v e r l a p p i n g  
bands  of  the  v i b r a t i o n s  of  the f r e e  m o l e c u l e s  and c o m p l e x e s .  
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TABLE 3. Thermodynamic  P a r a m e t e r s  of H-Complexes  of P r i m a r y  
Al iphat ic  N - N i t r o a m i n e s  with Bases  in CCI 4 (AH ~ in k J / m o l e ,  AS ~ 
in J/(mole" deg)) 

Corn- I BA JAN-D3 t CH [ DMAB t DMFA ] DMAA IDMS...O-D61 HMPI 
pound . . . . . . .  ~ - - ~  " "" - -  

1 
H 
111 
IV 
V 

VI  
VII 
VIH 
IX 

11127 
11 27 
13 23 
14 [ 23 

i _ 
12 26 
11 21 
13 18 
16 27 

44 

14 

15 
20 
2O 
19 42 

17 36 
16 31 
17 33 
22 39 
24 40 
24 52 

22 41 
21 38 
24 44 
25 35 
30 44 
27 49 

23 40 
25 44 
26 46 
27 34 
31 
27 ~ 

24 / 41 
25 44 
26 41 
25 39 
26 42 
29 36 
31 38 
28 43 
32 45 

26 
24 
28 
32 
3 4  
33 

6,59 
6,63 

32 6,43 
26 6,35 
34 6,23 
31 5,27 
26 4,97 
45 3,36 

The calculated values of the equilibrium constants proved independent of the initial reagent concentra- 
tions, within the limits of the experimental error, for all the investigated systems except for cyclohexanone. 
In this case the values of K had a distinct tendency to increase with increasing reagent concentrations, which 
indicates the existence of more complex associates in the system. Therefore, the equilibrium constants for 
the NA-cyclohexanone systems were measured in highly dilute solutions, when the concentrations of the more 
complicated complexes can be neglected. 

Thus, it can be asserted that the quantitative parameters of the investigated equilibria that we measured 
(Table 2) characterize the formation of H-complexes of NA with proton acceptors with a I : I stoichiometric 
composition. From the temperature dependence of the constants of complex formation, measured at the tem- 
peratures I0, 20, 30, 40, and 50~ we calculated the values of the enthalpy and entropy of formation of H- 
complexes (Table 3). Each value was obtained as an average of several (4-7) independent measurements, per- 
formed at different times and with different lots of reagents. The errors of the values cited in the tables, cal- 
culated for the a = 0.9 probability level, do not exceed 2 kJ/mole for the enthalpy, 4 J/(mole" deg) for the en- 

tropy, and 10% for the equilibrium constants. 

From Tables 2 and 3 it can be seen that both the ability to form H-bonds and the strength of the H-com- 
plexes in a series of a!kyl-N-nitroamines have a tendency to increase with increasing basicity of the proton 
acceptors and increasing acidity of NA. However, in the later case this increase is not monotonic; for certain 
NA the correlation between the acidity and the proton donor capacity in the H-bond is violated (see, for exam- 
ple, compounds VII and VIII). 

For a quantitative characterization of the patterns noted, we investigated the correlations between the 
logarithms of the constants of formation of H-complexes of various NA with the same bases (Fig. 2). As can 
be seen from the graphs, for all the investigated NA a distinct linear correlation is fulfilled; the parameters 
of the correlation equations 

t ~ 
lgKRNHNO~ = m-lg K~H,NHNO~ + C (7) 

do not depend on the t e m p e r a t u r e  within the inves t iga ted  region;  t he i r  values  a r e  c i ted  in Table 4. The s lopes  
m in this  c a s e  c h a r a c t e r i z e  the r e l a t i v e  proton donor  capac i ty  in the s e r i e s  of NA ( re l a t ive  to m e t hy ln i t r o -  
amine ) ,  and, with the except ion of n i t roure thane ,  they va ry  in d i r e c t  c o r r e l a t i o n  with the ac idi ty .  The n i t r o -  
amines  can be c o m p a r e d  analogous ly  in pro ton  donor capac i ty  with o ther  NH and OH acids .  F igu re  3 p r e s e n t s  
the c o r r e l a t i o n  between log K for  H-complexes  of me thy ln i t roamine  and p- f luorophenol  with the s ame  base s /  
A d i s t inc t  l i n e a r  c o r r e l a t i o n  is a l so  ful f i l led  here;  i ts  equation takes  the fo rm 

1- T~20~ ~ t~CH3NHNO~ = (0.97 § 0..05) pKHB - -  (0,15 ~+ 0ol 1), 

r =0~992, s = 0  12, n = 8 .  (8) 

A c o m p a r i s o n  of the s lope obtained with the known values  of m for a l l  the inves t iga ted  ac ids ,  lying in the 
range 0.5-1.2 [7] ,  shows t h a t  the NA a r e  m e d i u m - s t r e n g t h  proton donors  (me thy ln i t roamine  is  app rox ima te ly  
equal to phenol,  for  which m = 0.97, in proton donor capac i ty ) ,  which conf i rms  the conclusion that we drew on 
the b a s i s  of the shi f t  of the band vNH of the complex  [ 1]. 

F o r  a quant i ta t ive  de t e rmina t i on  of the influence of the induct ive effect  on the proton donor capac i ty  of 
p r i m a r y  N - n i t r o a m i n e s ,  the values  of log K were  c o r r e l a t e d  with the Taft  a* constants  of the subs t i tuents  
(Fig.  4a, Table  5). As can be seen  f rom the data c i ted,  a good l i n e a r  c o r r e l a t i o n  is fulf i l led for  compounds I-  
VII. The va lues  of the s lope p,  c h a r a c t e r i z i n g  the sens i t iv i ty  of subs t iments  in a given r eac t ion  s e r i e s  to the 
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Fig. 2. Dependence of the values of log K t~ for H-complexes of a 
series of N-nitroamines on log K t~ for H-complexes of methyl 
nitroamine with the same bases in CCI 4. Ill, IV, VI, and VII cor- 
respond to the numbers of the compounds in Table 12 T = I0 (I), 
20 (2), 30 (3), 40 (4) and 50~ (5). 

Fig. 3. Dependence of the values of log K 20~ for H-complexes 
of methyl nitroamine on PKHB (PKHB = log K for H-complexes of 
p-nitrophenol with proton acceptors in CCI 4 [7]). I-8 correspond 
to the numeration of the proton acceptors in Table 2. 

T A B L E  4. P a r a m e t e r s  of  the  C o r r e l a t i o n  Equa t ions  log ,  
t o t o 

KItNHNO 2 = m .  log  KCH3NHNO2 + c 

Compound ,n c r s 
No. 

H 
t l i  
IV 
VI  
VI I  
V I I I  

0,87+0,02 
0,96-}-0,015 
0,95~0,01 
11,15-~-0,015 
,23~0,015 

1,15~0,02 

0,002z0,04 
--O,O5 • 
--0,01 + 0 , 0 2  

0,45 ~0,03 
0,49 +0,03 

--0,13 ~0,04 

0,994 
0,997 
0,997 
0,996 
0,997 
0,995 

0,07 
0,07 
0,06 
0,08 
0,08 
0,09 

polar effect, vary with the proton acceptor capacity of the base. The coefficients m, characterizing the change 
in the proton donor capacity in the series of NA, and the enthalpies of formation of H-complexes are also satis- 
factorily correlated with the o-* coefficients (Fig. 4b, c). Thus, NA obey the general law established for other 
donors in the formation of a H-bond: changes in the proton donor capacity and the value of the H-bond energy 
are due to the inductive influence of substituents and vary according to the quantitative characteristics of this 
effect [ 8 ]. 

Compounds  VIII and IX, the s u b s t i t u e n t s  of  which  can  e n t e r  into con juga t ion  with the  r e a c t i o n  s i t e ,  d e v i -  
a te  f r o m  the c o r r e l a t i o n s  d i s c u s s e d .  S u b s t a n t i a l  d e v i a t i o n s  f r o m  l i n e a r i t y  a r e  o b s e r v e d  fo r  them,  in the d i r e c -  
t ion of  a d e c r e a s e  in the p r o t o n  d o n o r  c a p a c i t y  ( for  N - c o m p l e x e s  of  c o m p o u n d s  VIII and  IX with DMSO-DG, the 
f r e e  e n e r g y  i s  l o w e r e d  by  16 and 30 k J / m o l e ,  r e s p e c t i v e l y ) .  Th i s  e f f ec t  c l e a r l y  c o n t r a d i c t s  the  da t a  o b t a i n e d  
fo r  o t h e r  p r o t o n  d o n o r s .  Thus ,  in the  c a s e  of  H - c o m p l e x e s  of s u b s t i t u t e d  pheno l s  with d i m e t h y l a c e t a m i d e ,  a 
l i n e a r  d e p e n d e n c e  of log  K on the H a m m e t t  cr i s  f u l f i l l ed  fo r  a l l  the i n v e s t i g a t e d  s u b s t i t u e n t s ,  i nc lud ing  t h o s e  
tha t  a r e  c o n j u g a t e d  with the  r e a c t i o n  s i t e  [9 ] .  On the b a s i s  of  th i s  the  a u t h o r s  conc lude  that  t h e r e  is  no i n f l u -  
ence  of  the  r e s o n a n c e  e f fec t  on the s t r e n g t h  of  the H-bond .  H o w e v e r ,  i t  has  been  shown fo r  s e c o n d a r y  a m i n e s  
[ 10] tha t  the  i n v o l v e m e n t  of  the u n s h a r e d  p a i r  of e l e c t r o n s  of  the  n i t r o g e n  a t o m  in con juga t i on  with the  ~ - e l e c -  
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Fig .  4. E x a m p l e s  of  the d e p e n d e n c e  of the  t h e r m o d y -  
n a m i c  p a r a m e t e r s  of H - c o m p l e x e s  of NA on the Ta f t  
i nduc t ion  e o n s t a n t s  of  the s u b s t i t u e n t s  a* .  D e p e n -  
d e n c e s  of  log  K 20~ on a* ( a ) ,  of the c o e f f i c i e n t s  m 
(Tab l e  4) on a* (b) ,  and  of zXH ~ fo r  c o m p l e x e s  of NA 
with DMSO-D 6 on ~* ( c ) .  F o r  H - c o m p l e x e s  of  NA 
with DMSO-D G (1) and with HMPA (2) .  

TABLE 5. Parameters of the Correlation Equations iog- 

K 0~ = p~* + log K 0 
RNHNO 2 

Base p lg A[ o r s 

BA 
A~D 3 
CH 
DMAB 
DMFA 
DMAA 
DMSO-D 6 
HMPA 

0,97-+0,09 
1,00+0,04 
1,17-I~-~0,02 
1,18+0,1 
1,46~0,1 
1,50+-0,1 
1,49+0,04 
1,89!0,07 

0,67• 
0,85+__0,02 
1,20+0,01 
1,34+-0,04 
2,01+0,04 
2,21+0,03 
2,61+-0,01 
3.18--+0,03 

0,988 
0,997 
0,999 
0,981 
0,988 
0,992 
0,998 
0,997 

0,06 
0,03 
0,02 
0,09 
0,09 
0,08 
0,04 
0,06 

t r o n s  of  the r i ng  in  the  t r a n s i t i o n  f r o m  a l i p h a t i c  a m i n e s  to a r o m a t i c  a m i n e s  l e a d s  to an i n c r e a s e  in the p r o t o n  
donor  c a p a c i t y  of the  NH g roup .  In the  c a s e  of a l i p h a t i c  N - n i t r o a m i n e s ,  the  e f f ec t  of  con juga t ion  has  an o p p o -  
s i t e  ac t ion;  m o r e o v e r ,  a s  can  be  s e e n  f r o m  F ig .  4c, the  d e c r e a s e  in the  f r e e  e n e r g y  of the  c o m p l e x  i s  due 
ch ie f ly  to i t s  e n t h a l p y  t e r m .  An ana logous  d e v i a t i o n  of  the  v a l u e s  of pK a of a l k y l - N - n i t r o a m i n e s ,  m e a s u r e d  in 
w a t e r ,  f r o m  l i n e a r  c o r r e l a t i o n  with (r* in  the d i r e c t i o n  of r e d u c e d  a c i d i t y  fo r  s u b s t i t u e n t s  ab l e  to be  c o n j u g a t e d  
with the  r e a c t i o n  s i t e  was  no ted  in  [11] ,  a l though in th is  c a s e  the  e f fec t  i s  a p p r e c i a b l y  s m a l l e r .  F o r  m e a s u r e -  
m e n t s  p e r f o r m e d  in aqueous  m e d i u m ,  th is  a n o m a l y  was  e x p l a i n e d  by  a l o w e r i n g  of  the e n e r g y  of s o l v a t i o n  of 
such  an ions ,  e x c e e d i n g  in  a b s o l u t e  m a g n i t u d e  the  ga in  in  e n e r g y  of  d e l o c a l i z a t i o n  of c h a r g e  on a c c oun t  of  con -  
j uga t ion  with the  s u b s t i t u e n t .  In the  c a s e  of a w e a k l y  s o l v a t i n g  s o l v e n t  CC14, such  a l a r g e  change  in the  en tha lpy  
of c o m p l e x  f o r m a t i o n  canno t  be  e x p l a i n e d  by i n t e r a c t i o n  of  the c o m p l e x e s  wi th  the  so lven t .  It can  b e  a s s u m e d  
tha t  bo th  t h e s e  p h e n o m e n a  have  a c o m m o n  n a t u r e  and a r e  e x p l a i n e d  by  the p r e s e n c e  of a n i t r o g r o u p  a s s o c i a t e d  
with the  r e a c t i o n  s i t e ,  which  e x e r t s  a s t r o n g  e f f ec t  on the  p r o c e s s  of  c o m p l e x  f o r m a t i o n  and p r o t o n  t r a n s f e r .  

In c o n c l u s i o n ,  the  a u t h o r s  would l i ke  to e x p r e s s  g r a t i t u d e  to Yu. V. S e r o v  fo r  p r o v i d i n g  the p r e p a r a t i o n s  

of  a n u m b e r  of a l k y l - N - n i t r o a m i n e s .  
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ELECTRON-VIBRATIONAL INTERACTION IN 

POLYATOMIC MOLECULES. TAKING MOLECULAR 

SYMMETRY INTO ACCOUNT 

V. I .  B a r a n o v  UDC 539.59 

In the H e r z b e r g - T e l l e r  approach  [ 1] taking the e l ec t ron -v ib ra t i ona l  in terac t ion  into account within the 
f r a m e w o r k  of the adiabat ic  approximat ion  reduces  in its ma thema t i ca l  plan to the calcula t ion of v ibronic  i n t e r -  
action in tegra ls  of the f o r m  

A t  'U' 

where ] u > = ~ u ( r ) ;  ]u' > = '~u' (r) a r e  the e lec t ron  wave functions of the s ta tes  u and u'  and the e l ec t ron -  

v ibra t iona l  in terac t ion  ope ra t o r  is equal to A~= O U  . Q~=0 ' U (r,  q) is the potential  energy  of the Coulomb a t -  

t r ac t ion  of e lec t rons  and nuclei; the der iva t ive  with r e s p e c t  to the no rma l  v ibra t ional  coordina tes  of the t - th  
Q t  is taken at a point cor responding  to the equi l ibr ium g e o m e t r y  of the molecule .  If the e l ee -  e lec t ronic  s ta te ,  

t ron p rob l em was solved in the MO bas i s  of LCAO (with or  without configurat ion in terac t ion  taken into account) ,  
then the in tegra l  (1) r educes  to a eo r respond ing  l inea r  combinat ion of in tegra l s  ove r  a tomic  orb i ta l s  (AO) ~ 

- < ~ I A t  I u > - and with the f o r m  of the function U and equivalence of the e lec t rons  taken into account  and 
we obtain [ 2 ] 
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